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Appendix A
Metronome Environment
This appendix describes the patch used for the visual metronome of the listening experi-
ment. The patch was designed using the software MAX/MSP.
In the DAW Cubase, the different velocities were selected to obtain the measure 4/4 with
one beat and three bars. Figure A.1 is a diagram of the patch in MAX/MSP. The patch
works parallel to the DAW metronome and every change in the DAW relating to BPMs
is translated into the visual metronome.
Figure A.1: Metronome patch structure in MAX/MSP
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The patch searches all available MIDI ports in the computer. The command line “midi-
info” activates the chosen MIDI output from the DAW (Cubase) and sends it to the patch
as input. This information is gathered through the command “notein” to produce the
beats and bars. For the 4/4 measure of the metronome one beat and three bars were
defined. A beat was predefined with a velocity of 127 (MIDI velocity). For the remaining
three bars, any velocity between 1 and 126 is a bar. In the Figure 4.9 velocity for bars
and beats is defined by the slides (upper right corner). The upper slide, Hi (beats) defines
the value 127 and the lower slide, Lo (bars), has a value between 1 and 126.
Figure A.2 shows the additional parameters of the metronome. The metronome blink time
for each bar and each beat in the experiment is 150ms. In addition, other metronome
settings such as bar and beat colour (active and inactive), background colour and descrip-
tions are also defined here.
Figure A.2: Metronome blink time settings
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The metronome patch works with MacOS and Windows 10. However, for the MIDI func-
tion in Windows 10, additional software is necessary. The loopMIDI1 is a virtual MIDI
connector programmed by Tobias Erichsen. This software enables MIDI data transmis-
sion within Windows 10. In order to use the metronome, both software and metronome
have to be activated before beginning the listening test.
Figure A.3: The loopMIDI virtual MIDI software




Measurements relating to sound pressure levels (SPL) were made in the anechoic room
of the Darmstadt University of Applied Sciences using a “Kunstkopf” dummy head Neu-
mann KU100. The audio metronome signal was directed to the headphones (as in the
experiment with test subjects) and the headphones placed on the dummy head as shown
in Figure B.1. The level readings were obtained through the dummy head microphones.
Both left and right microphones of the dummy head delivered the same value with +/-
1dB tolerance. The results of the left microphone were used for further calculations. The
24-bit resolution level meter software DIGICheck from RME was used for the measur-
ments.
Figure B.1: Metronome level measurement with dummy head
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Metronome Set-Up Measurements
After averaging the differences between the 1/4 and 1/2 slide positions relative to 1 (see
Figure 4.10), two results are obtained as shown in Tables B.1, B.2, B.3 and B.4. Moving
the slide from the far right to the middle translates into a decrease of 14.16dB at the test
subject’s headphones. On the other hand, lowering the slide from the far right to 1/4 as









15 -33.1 1 —
15 -47.6 1/2 14.5
15 -61.3 1/4 28.2
20 -28.3 1 —
20 -42.5 1/2 14.2
20 -56.6 1/4 28.3
25 -23.1 1 —
25 -37.7 1/2 14.6
25 -51.6 1/4 28.5
30 -18.1 1 —
30 -32.6 1/2 14.5
30 -43.5 1/4 25.4
35 -12.8 1 —
35 -27.3 1/2 14.5
35 -41.1 1/4 28.3
40 -7.80 1 —
40 -21.7 1/2 13.9
40 -36.0 1/4 28.2
45 -2.6 1 —
45 -17.0 1/2 14.4
45 -30.4 1/4 27.8
Table B.1: Measurement of the metronome level (headphone level = -20dB)
The headphone output level was constant (-20dB, -15dB, -10dB, 0dB) for each measure-
ment in Tables B.1, B.2, B.3 and B.4. The only change was the audio interface gain level.
The different gain values of the audio interface are related to the headphone output level.
Higher headphone levels allow a lower audio interface input gain range. Otherwise, the











10 -32.0 1 —
10 -46.6 1/2 14.6
10 -60.2 1/4 28.2
15 -27.2 1 —
15 -41.4 1/2 14.2
15 -55.3 1/4 28.1
20 -22.5 1 —
20 -37.0 1/2 14.5
20 -50.8 1/4 28.3
25 -17.3 1 —
25 -31.8 1/2 14.5
25 -37.7 1/4 20.4
30 -12.3 1 —
30 -26.8 1/2 14.5
30 -40.6 1/4 28.3
35 -6.9 1 —
35 -21.5 1/2 14.6
35 -34.5 1/4 27.6
40 -1.9 1 —
40 -16.5 1/2 14.6
40 -30.4 1/4 28.5









10 -27.1 1 —
10 -40.3 1/2 13.2
10 -55.6 1/4 28.5
15 -22.2 1 —
15 -35.4 1/2 13.2
15 -50.7 1/4 28.5
20 -17.5 1 —
20 -30.7 1/2 13.2
20 -46.0 1/4 28.5
25 -12.3 1 —
25 -25.6 1/2 13.3
25 -40.8 1/4 28.5
30 -7.5 1 —
30 -20.5 1/2 13.0
30 -35.8 1/4 28.3
35 -2.0 1 —
35 -15.2 1/2 13.2
35 -30.4 1/4 28.4











0 -27.6 1 —
0 -42.2 1/2 14.6
0 -53.4 1/4 25.8
10 -17.8 1 —
10 -32.4 1/2 14.6
10 -43.6 1/4 25.8
15 -13.0 1 —
15 -27.6 1/2 14.6
15 -38.7 1/4 25.7
20 -8.3 1 —
20 -22.9 1/2 14.6
20 -34.0 1/4 25.7
25 -3.1 1 —
25 -17.7 1/2 14.6
25 -23.8 1/4 25.7




The attenuation level of the isolation headphones by VIC Firth SIH1 was tested in an
anechoic room. The test signal was pink noise produced by the level meter Phonic PAA3
which was sent to a Genelec loudspeaker. The loudspeaker was positioned at a distance of
1,0m from the acoustic head Neumann KU100 as in Figure C.1. The height of the tweeter
of the loudspeaker is in the same horizontal as that of the acoustic head ears. The dB
SPL measure was 88.4dB(A) SPL.
Figure C.1: Measurement set-up for the isolation headphones
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0 -53.0 on —
0 -43.2 off 10.2
10 -42.8 on —
10 -32.7 off 10.1
15 -37.4 on —
15 -27.6 off 9.8
20 -32.7 on —
20 -22.8 off 9.9
25 -28.6 on —
25 -18.7 off 9.9
30 -23.7 on —
30 -12.4 off 11.3
Table C.1: Headphones attenuation
The average value of attenuation is 10.2dB, which is half the value of the 24.2dB noise
reduction specified by the manufacturer. In Table C.1 the on/off position refers to mea-
surements with the headphones covering the ears of the dummy head (on) or not on the
head (off). After averaging the results of the column difference (dB) the obtained result
is 10.2dB
DIGICheck from RME was also used to measure the level, with and without headphones.
Figure C.2 shows the settings used.
Figure C.2: DIGICheck settings
C2
Isolation Headphones Measurement
The Hold Time of 5.0s which enables an accurate measurement is important, as are the
reference levels of 0dB. Figures C.3 and C.4 show the measurement gain with the 30dB
microphone (Fireface 400). It is easy to appreciate the level reduction using headphones
and the similar values of the microphones (left and right or channel 1 and 2 of the audio
interface) correspond to the ears of the acoustic head Neumann KU100.
Figure C.3: Level measurement with headphones




Figure D.1 shows the different settings of the audio interface RME Fireface 400. The
same settings were selected with the RME Fireface UCX used in the final experiment.
The only difference is the graphical user interface for MAC and PC systems.
Figure D.1: Audio interface settings
D1
Audio Interface Settings






In the Analogue Inputs section, the phantom power (48V) choice for condenser micro-
phones is a feature. In addition, the gain level can be increased from 0dB up to 65dB in
1dB steps, with the exception of the lower range between 0dB and 10dB. In this range,
there are no 1dB steps, only a 10dB jump1. The microphone was connected to the 1 Mic
microphone input. The Analogue Output section 7-8 Phones shows the general headphone
level. For the listening test, -10dBV was selected to avoid loud outputs and possible hear-
ing damage.
The Clock Mode was set as Master, and the clock source was the Fireface 400/Fireface
UCX (internal clock). The Sample Rate used was 48000Hz. Both readings are confirmed














Table D.1: Audio interface output level measurements
1 RME. RME tech info - digicheck website, 7/26/2017. http://www.rme-audio.de/techinfo/digich.htm.
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The Phones Line output level lies in the range of -58dB to +6dB in steps of 1dB accord-
ing to the manufacturer’s information2. Similar results within +/- 1dB tolerance were
obtained for the RME Fireface UCX.
The reliability of the manufacturer’s information, especially the linearity of the headphone
output and microphone input, was tested with different measurements (see Appendix B).
In Figure D.2, a simple linear regression shows that the manufacturer’s information is
accurate. Increasing the analogue input level by 5dB produces an increment of 5dB in
the measured value. The plot indicates a linear relationship.
Figure D.2: Audio interface output vs. input level in 5dB steps
The headphone output was -20dB. The evaluation of the data in the open source statis-
tical software R, produces the following results:
• The value R2 indicates a strong correlation of 0.9998 which is a linear relationship
as shown in Figure D.2.
• The blue line and the dots are the measured values, while the red line is the estimated
linear regression.
• The residual standard error is 0.2381 with 7 degrees of freedom.
2 RME. Fireface 400 website, 7/26/2017. http://www.rme-audio.de/download/fface400 e.pdf.
D3
Audio Interface Settings
Estimate Std. Error t value Pr(>|t|)
(Intercept) -48.0232 0.1611 -298.06 1.26e-15
Input 1.0037 0.0057 174.97 5.26e-14
Table D.2: Linear regression coefficients
Several measurements with different headphone outputs (see Appendix B) delivered strong
correlation values very near to 1. Between 0dB and 10dB there is a jump (see Figure D.2),
and the input value 5dB gain is not defined (not plotted) in the analogue input. The RME
Fireface 400 Firewire3 and the RME Fireface UCX4 both have an output gain of up to
65dB which is adjustable in 1dB steps over a range of 55dB. The plot shows the results
up to 45dB. Higher values produced distortion when measuring the output in dBFS.
3 RME. Fireface 400 website, 7/26/2017, http:www.rme-audio.de/download/fface400 e.pdf.
4 RME. Fireface UCX website, 7/26/2017, https:www.rme-audio.de/download/fface ucx e.pdf.
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Audio Interface Delay Measurement
In order to test the reliability of the delay plug-in, two different configurations were used.
For the pilot test, the set-up included a Macintosh with an RME Fireface 400 audio in-
terface. The final test used a PC with an RME UCX interface. The internal latency
values of both configurations were measured with the function delay finder of the software
SATLive. The measurements used the dual-FFT algorithm which compares the spectrum
of the signals to be measured. Pink noise at -30dBFS and 48kHz was used as the mea-
surement signal. The set-up configuration is presented in Figure E.1.
Figure E.1: Measurement procedure using SATLive
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0.0 14.396 3 100
10 24.375 3 100
20 34.375 3 100
30 44.375 3 100
40 54.375 3 100
50 64.375 3 100
60 74.375 3 100
70 84.375 3 100
80 94.375 3 100
90 104.375 3 100
100 114.375 3 100
110 124.375 3 100
120 134.375 6 100
130 144.375 6 100
140 154.375 6 100
150 164.375 6 100
160 174.375 6 100
170 184.375 6 100
180 194.375 6 100
190 204.375 6 100
200 214.375 6 100
210 224.375 6 100
220 234.375 6 100
230 244.375 6 100
240 254.375 6 100
250 264.375 6 100
260 274.375 6 100
270 284.375 6 100
280 294.375 6 100
290 304.375 6 100
300 314.313 6 100
Table E.1: Fireface 400 latency measurement values
The measurement of internal latency (input and output) using the configuration in Fig-
ure E.1 was 14.396ms for the Macintosh set-up. Bypassing the delay plug-in resulted in a
measurement of 14.313ms. As shown in Figure E.2, the audio interface delivered similar
values with an input latency of 6.958ms and an output latency of 7.354ms for a total
of 14.312ms. The difference between the measured value and the audio interface value
was 0.084ms. The values in Table E.1 confirm the latency increments of 10ms using the
Cubase Artist software.
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Figure E.2: Fireface 400 latency input/output
Figure E.3: Audio Interface delay (Fireface 400 set-up)
Figure E.4: Measurement phase (Fireface 400 set-up)
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The second set-up used a Windows PC and an RME Fireface UCX. The results of the







0.0 12.208 3 100
10 22.188 3 100
20 32.188 3 100
30 42.188 3 100
40 52.188 3 100
50 62.188 3 100
60 72.188 3 100
70 82.188 3 100
80 92.188 3 100
90 102.188 3 100
100 112.188 3 100
110 122.188 3 100
120 132.188 3 100
130 142.188 3 100
140 152.188 3 100
150 162.188 3 100
160 172.188 3 100
170 182.188 3 100
180 192.188 3 100
190 202.188 3 100
200 212.188 3 100
210 222.188 3 100
220 232.188 3 100
230 242.188 3 100
240 252.188 3 100
250 262.188 3 100
260 272.188 3 100
270 282.188 3 100
280 292.188 3 100
290 302.188 3 100
300 312.125 3 100
Table E.2: Fireface UCX latency measurement values
Using the configuration shown in Figure E.1, the internal latency (input and output) for
the PC set-up was 12.208ms with the delay plug-in activated. Bypassing the plug-in re-
sulted in a value of 12.125ms. As shown in Figure E.5, the audio interface presents very
similar values, with an input latency of 5.833ms and an output latency of 6.271ms for a
total of 12.104ms. The difference between the measured value (plug-in active) and the
Cubase Artist software information (12.104ms) was 0.104ms. The values in Table E.2 also
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confirm the 10ms software delay increment of the Cubase Artist DAW. The resolution of
the delay measurement software for both systems (Macintosh and PC) was 105µs. In
other words, the latency value read from the delay plug-in is very reliable.
Figure E.5: Fireface UCX latency input/output
Figure E.6: Audio Interface delay (Fireface UCX set-up)
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Figure E.7: Measurement phase (Fireface UCX set-up)
The delay measurements (input and output) for both Macintosh and PC were 14.396ms
and 12.208ms respectively. For the listening tests, both audio interfaces used a buffer
size of 256 samples and 48kHz as the sampling frequency. These values were chosen as a
trade-off between a secure system without audio dropouts (lower sample values) and a rel-
atively faster performance. Higher buffer size values (>256) may produce sound glitches




Measurements of Sound Pressure
Level on Instruments and Rooms
Table F.1 is a summary of all the measurements relating to microphone distance to musical
instrument and the sound pressure level (SPL) of the instrument. In order to guarantee
equality of conditions for all test subjects, measurements were made and presented as a
descriptive statistical summary in Table 4.1.
In Table F.2, the item (f’) is the height of the room. Not every room was square. There-
fore, additional measurements such as (c), (d) and (e) are necessary. The RT60 results
are the averages without specifying the frequencies.
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1 Piano 0.292 87.3 10 -10 1 (CIT)
2 Piano 0.287 83.3 10 -10 1 (CIT)
3 Cello 0.380 84.0 10 -10 204 (CIT)
4 Cello 0.412 85.2 10 -10 204 (CIT)
5 Classical guitar 0.264 75.1 10 -10 204 (CIT)
6 French horn 0.338 89.2 10 -10 204 (CIT)
7 Alto saxophone 0.341 96.1 10 -10 204 (CIT)
8 Violin 0.367 82.2 10 -10 139 (CIT)
9 Trumpet in B 0.715 96.4 0 10 F14-30 (h-da)
10 Snare drum 0.389 93.0 0 10 1 (K. FFM)
11 Piano (upright) 0.347 82.3 10 10 2 (K. FFM)
12 Snare drum 0.388 94.0 0 10 F14-30 (h-da)
13 Violin 0.480 83.2 10 -10 F14-30 (h-da)
14 Transverse flute 0.328 83.5 10 -10 A25 (G. GU)
15 Trombone 0.437 91.3 0 10 A25 (G. GU)
16 Timpani 0.619 79.0 0 -10 A25 (G. GU)
17 Trombone 0.432 92.4 0 -5 F14-30 (h-da)
18 Violin 0.380 82.5 10 -10 F14-30 (h-da)
19 Triangle 0.286 80.0 10 -10 F14-30 (h-da)
20 Tenor saxophone 0.492 91.2 0 5 F14-30 (h-da)
21 Classical guitar 0.300 78.6 10 -5 F17-17 (h-da)
22 Violin 0.230 82.0 10 -5 F14-30 (h-da)
23 Snare drum 0.510 87.0 0 -5 F14-30 (h-da)
24 Alto saxophone 0.389 81.4 0 -5 Clubraum I
25 Triangle 0.429 82.7 10 0 F17-17 (h-da)
26 Marimba 0.405 84.1 10 -5 Cellar (Langen)
27 French horn 0.418 83.4 0 5 Probebu¨hne
28 Double bass 0.394 82.1 10 0 Probebu¨hne
29 Harp 0.594 81.2 10 -5 Mehrzweckraum
30 Bassoon 0.448 82,3 12 0 Room 5
31 Tenor saxophone 0.527 91.3 0 5 Linving room
Table F.1: Musical instruments recording reference values
Abbreviations in Table F.2 as follows:
• CIT: Cork Institute of Technology.
• h-da: Hochschule Darmstadt (Darmstadt University of Applied Sciences).
• K: Konservatorium (conservatory).
• FFM: Frankfurt am Main.
• G.GU: Gymnasium, Groß-Umstadt.
• DA: Darmstadt.
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Room dimensions in metres
(a) (b) (c) (d) (e) (f’) RT60 (sec.) dBSPL(A)
Room 1 (CIT) 5.38 8.70 3.37 - - 2.87 0.50 36.7
Room 204 (CIT) 6.07 5.35 10.4 10.32 5.82 2.98 0.50 34.7
Room 139 (CIT) 3.50 8.56 0.95 9.91 7.36 2.98 0.45 34.6
F14-30 (h-da) 5.64 6.96 - - - 3.50 0.35 31.2
Room 1 (K. FFM) 3.51 4.00 - - - 2.60 0.45 33.0
Room 2 (K. FFM) 3.17 3.98 - - - 2.60 0.42 32.0
Room A25 (G. GU) 6.08 8.49 - - - 3.01 0.52 38.7
F17-17 (h-da) 3.97 5.29 - - - 2.58 0.30 32.4
Clubraum I 7.31 14.08 - - - 2.71 0.66 32.2
Cellar (Music
School, Langen)
4.59 10.57 - - - 2.57 0.42 33.8
Probebu¨hne
Staatstheater, DA
9.24 17.24 - - - 4.11 0.82 34.6
Mehrzweck Raum
Friedensgemeinde, DA
11.76 21.34 - - - 5.65 1.64 33.5
Room 5
Musikschule, GU
2.34 4.17 - - - 2.54 0.54 34.6
Living room 3.91 6.49 - - - 2.51 0.54 31.8
Table F.2: Room measurements
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General Information Sheet for
Participants
Thank you for agreeing to take part in the listening test for the research on Latency
Tolerance Range for musicians.
The only thing you are expected to do is to play your instrument. The guideline for your
performance is a musical score.
There is no right or wrong performance in this test. The main interest is the performance
development. The quality of the performance is not evaluated in any way.
Test procedure
1. The first part of the test focuses on determining hearing ability. You will hear five
different sinus tones. Any time you hear a tone, please play your instrument.
2. Your instrument will be miked. You will receive headphones to listen to your in-
strument audio signal.
3. Play the two bars score you see on the small screen (do not play by heart, do not
memorize). During the performance, a metronome (aural, visual or aural-visual) is
always active.
4. During the test, you will be asked to play the score. Your instrument signal (which
you hear through the headphones) will be delayed until you are not able to perform
anymore. The metronome is a guide to help you to keep the tempo during the
performance.
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5. The listening experiment includes three tests, each test consist of five different tempi,
from 90 BPM to 210 BPM in 30 BPM steps. For each test, there is a different
metronome:
(a) A visual metronome presented on the small screen.
(b) An aural metronome to be listened to through the headphones.
(c) Both metronomes (visual and aural) merged.
The succession order of the five different tempos in BPM is randomised.
Health and Safety
• The length of the listening test will not exceed 30 minutes.
• The sound reproduction levels of the headphones are controlled and harmless as
recommended by the European Union legislation.
• You are free to withdraw from the listening experiment at any time and without
giving any reason.
If you have any further questions, concerning the experiment, please do not hesitate to ask.
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Allgemeine Informationen fu¨r die Probanden
Vielen Dank fu¨r Ihre Bereitschaft zur Teilnahme an dem Ho¨rversuch “Latency Tolerance
Range for Musicians”
Von Ihnen wird nur erwartet, Ihr Musikinstrument zu spielen. Als Vorlage dient eine
Partitur, die Sie erst beim Ho¨rversuch zu sehen bekommen.
Bei diesem Ho¨rversuch gibt es keine richtige oder falsche Spielweise. Unser Interesse liegt
hauptsa¨chlich darin, die Entwicklung der musikalischen Performance in Abha¨ngigkeit von
der Latenz zu beobachten. Die Qualita¨t der Musik-Performance wird in keinster Weise
evaluiert.
Ablauf des Ho¨rversuchs
1. Als erstes wird Ihre Ho¨rfa¨higkeit gemessen. Sie werden fu¨nf verschiedene Sinus-
Testto¨ne ho¨ren. Sobald ein Testton erklingt, spielen Sie irgendeine Note auf ihrem
Musikinstrument.
2. Das Musikinstrument wird mikrofoniert. Sie werden gebeten, Kopfho¨rer aufzuset-
zen, um das Audiosignal Ihres Musikinstruments zu ho¨ren.
3. Spielen Sie die zwei Takte Partitur, die auf dem kleinen Bildschirm angezeigt wird
(bitte lernen Sie diese nicht auswendig). Wa¨hrend Ihrer Performance werden drei
verschiedene Metronome (akustisch, visuell, audiovisuell) Sie aktiv begleiten.
4. Wa¨hrend des Ho¨rversuchs, spielen Sie bitte die Partitur. Das Audiosignal Ihres
Musikinstruments (welches Sie u¨ber die Kopfho¨rer ho¨ren) wird verzo¨gert; bis Sie
aufgrund der Verzo¨gerung nicht mehr in der Lage sind, Ihr Instrument zu spielen.
Das Metronom ist ein Hilfsinstrument, um das Tempo wa¨hrend der Performance
beizubehalten.
5. Der Ho¨rversuch sieht drei Tests vor, jeder Versuch beinhaltet fu¨nf verschiedene
Tempi von 90BPM bis 210BPM in 30BPM Schritten. Fu¨r jeden Versuch gibt es
ein anderes Metronom:
(a) Ein visuelles Metronom wird auf dem kleinen Bildschirm gezeigt.
(b) Ein akustisches Metronom wird u¨ber die Kopfho¨rer geho¨rt
(c) Beide Metronome (visuell und akustisch) werden gleichzeitig pra¨sentiert.
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Die Reihenfolge der Tempi in BPM ist zufa¨llig.
Gesundheit und Sicherheit
• Die Gesamtdauer des Ho¨rversuchs wird 30 Minuten nicht u¨berschreiten.
• Der Audio-Wiedergabepegel der Kopfho¨rer ist nach den rechtlichen Empfehlungen
der EU kontrolliert und unbedenklich.
• Sie du¨rfen jederzeit und ohne Angabe von Gru¨nden von dem Ho¨rversuch zuru¨ck-
treten.
Sollten noch Unklarheiten bezu¨glich des Experiments bestehen, zo¨gern Sie bitte nicht,
sich mit Ihren Fragen an mich zu wenden.
G4
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Listening Test Consent Form
I the undersigned voluntarily agree to take part in the study (working title): A Measure-
ment approach to estimate the ability of Western Musicians to cope with Latency.
I have read and understood the information sheet provided. I have been given a full ex-
planation by the researcher about the purpose and duration of the listening test as well
as what I will be expected to do. Any questions about any aspect of the test have been
answered.
I understand that I am free to withdraw from the listening test at any time without any
justification of my decision and with no further consequences.
I hereby confirm that I am not under 18 years of age at the time of performing the listen-
ing test.
I hereby confirm that I have read and understood the information given above and freely
consent to participate in the listening test.
Name of test person
Signature Date
H1
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Einversta¨ndniserkla¨rung Ho¨rversuch
Ich, der/die Unterzeichnende, stimme der Teilnahme an der Studie “A Measurement ap-
proach to estimate the ability of Western Musicians to cope with Latency” freiwillig zu.
Ich habe das Informationsblatt “Allgemeine Informationen fu¨r die Probanden” gelesen
und verstanden. Der Leiter des Experiments hat mich u¨ber den Zweck, die La¨nge des
Ho¨rversuchs sowie die an mich gestellten Erwartungen ausfu¨hrlich aufgekla¨rt. Sa¨mtliche
Fragen bezu¨glich des Ho¨rversuchs wurden beantwortet.
Mir ist bekannt, dass ich jederzeit und ohne Angabe von Gru¨nden von dem Experiment
zuru¨cktreten kann und hierdurch keine Nachteile fu¨r mich entstehen.
Ich besta¨tige hiermit, dass ich zum Zeitpunkt des Ho¨rversuchs mindestens 18 Jahre alt bin.
Ich besta¨tige hiermit, dass ich die Einversta¨ndniserkla¨rung gelesen und verstanden habe





Questionnaire for the Listening Test




3 Gender 1. Male
2. Female
4 Use of a metronome for musical
training (more than once a week)
1. Yes
Aprox. number of hours:
2. No
5 Expertise 1. Professional Musician
2. Music Student
6 Years of Experience performing
the instrument
Number of years:
7 Playing technique 1. Plucked
2. Bowed
3. Struck
8 Current hours of practice per
week
Number of hours:





10 Metronome preference 1. Visual 2. Audio 3. Both
11 Notes
Table I.1: Questionnaire for the listening test
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Friedman Test Data and Results
Subject Aural (ms) Visual (ms) Both (ms)
1 224.00 219.00 205.00
2 219.00 140.00 165.00
3 300.00 280.00 260.00
4 252.00 200.00 250.00
5 93.00 182.00 118.00
6 300.00 300.00 300.00
7 300.00 300.00 300.00
8 266.00 300.00 300.00
9 300.00 300.00 300.00
10 202.00 300.00 290.00
11 61.00 72.00 80.00
12 230.00 142.00 298.00
13 128.00 143.00 99.00
14 120.00 60.00 94.00
15 192.00 138.00 203.00
16 300.00 240.00 300.00
17 280.00 201.00 253.00
18 131.00 49.00 151.00
19 232.00 300.00 300.00
20 217.00 147.00 187.00
21 176.00 187.00 172.00
22 284.00 175.00 268.00
23 300.00 249.00 239.00
24 230.00 300.00 300.00
Table J.1: Latency values for the three different metronomes at 90 BPM
J1
Friedman Test Data and Results
Subject Aural (ms) Visual (ms) Both (ms)
1 134.00 220.00 163.00
2 180.00 134.00 220.00
3 252.00 193.00 280.00
4 247.00 232.00 203.00
5 52.00 106.00 143.00
6 258.00 298.00 261.00
7 163.00 300.00 300.00
8 300.00 300.00 300.00
9 210.00 113.00 89.00
10 278.00 238.00 216.00
11 79.00 73.00 72.00
12 183.00 108.00 242.00
13 68.00 72.00 119.00
14 206.00 43.00 144.00
15 139.00 70.00 139.00
16 270.00 257.00 272.00
17 117.00 102.00 142.00
18 192.00 300.00 300.00
19 137.00 96.00 119.00
20 110.00 138.00 300.00
21 172.00 184.00 152.00
22 300.00 86.00 300.00
23 159.00 169.00 197.00
24 174.00 151.00 151.00
25 147.00 97.00 300.00
26 73.00 29.00 76.00
Table J.2: Latency values for the three different metronomes at 120 BPM
Subject Aural (ms) Visual (ms) Both (ms)
1 134.00 260.00 165.00
2 148.00 145.00 195.00
3 105.00 120.00 172.00
4 156.00 300.00 200.00
5 81.00 98.00 103.00
6 183.00 130.00 163.00
7 300.00 300.00 300.00
8 300.00 300.00 300.00
9 120.00 145.00 263.00
10 62.00 58.00 82.00
11 160.00 166.00 215.00
12 78.00 76.00 80.00
13 88.00 84.00 119.00
14 100.00 83.00 83.00
15 149.00 168.00 214.00
16 123.00 91.00 97.00
17 227.00 300.00 217.00
18 181.00 90.00 158.00
19 62.00 68.00 104.00
20 151.00 138.00 139.00
21 78.00 147.00 300.00
22 300.00 172.00 212.00
23 164.00 166.00 122.00
24 145.00 149.00 154.00
25 300.00 61.00 262.00
26 63.00 43.00 67.00
Table J.3: Latency values for the three different metronomes at 150 BPM
J2
Friedman Test Data and Results
Subject Aural (ms) Visual (ms) Both (ms)
1 110.00 300.00 133.00
2 147.00 133.00 116.00
3 91.00 52.00 150.00
4 175.00 180.00 143.00
5 73.00 101.00 115.00
6 96.00 127.00 100.00
7 300.00 300.00 300.00
8 300.00 266.00 300.00
9 300.00 300.00 300.00
10 39.00 110.00 101.00
11 109.00 136.00 216.00
12 45.00 55.00 80.00
13 113.00 147.00 153.00
14 80.00 96.00 54.00
15 155.00 163.00 182.00
16 102.00 94.00 107.00
17 162.00 261.00 153.00
18 114.00 94.00 144.00
19 109.00 88.00 117.00
20 58.00 156.00 171.00
21 108.00 140.00 250.00
22 282.00 144.00 203.00
23 153.00 154.00 152.00
24 128.00 136.00 152.00
25 98.00 67.00 86.00
Table J.4: Latency values for the three different metronomes at 180 BPM
Subject Aural (ms) Visual (ms) Both (ms)
1 108.00 220.00 108.00
2 121.00 75.00 105.00
3 45.00 25.00 143.00
4 183.00 238.00 165.00
5 44.00 73.00 68.00
6 137.00 106.00 30.00
7 300.00 300.00 300.00
8 300.00 103.00 300.00
9 300.00 300.00 300.00
10 56.00 100.00 77.00
11 123.00 94.00 172.00
12 72.00 59.00 82.00
13 104.00 107.00 132.00
14 69.00 78.00 73.00
15 132.00 131.00 133.00
16 76.00 67.00 87.00
17 119.00 195.00 203.00
18 111.00 109.00 107.00
19 101.00 80.00 101.00
20 61.00 108.00 131.00
21 193.00 123.00 223.00
22 130.00 131.00 160.00
23 126.00 159.00 132.00
24 117.00 102.00 142.00
25 51.00 63.00 59.00
Table J.5: Latency values for the three different metronomes at 210 BPM
J3























































































































































































































































































































































































































































































































































































































































































































































































































Friedman Test Data and Results
Comparisons obs.dif critical dif. difference
1-2 15.0 99.59828 FALSE
1-3 4.5 99.59828 FALSE
1-4 9.5 99.59828 FALSE
1-5 48.0 99.59828 FALSE
1-6 13.0 99.59828 FALSE
1-7 38.5 99.59828 FALSE
1-8 34.0 99.59828 FALSE
1-9 42.5 99.59828 FALSE
1-10 44.0 99.59828 FALSE
1-11 11.0 99.59828 FALSE
1-12 71.0 99.59828 FALSE
1-13 6.0 99.59828 FALSE
1-14 61.5 99.59828 FALSE
1-15 53.0 99.59828 FALSE
1-16 57.0 99.59828 FALSE
1-17 47.0 99.59828 FALSE
1-18 23.5 99.59828 FALSE
1-19 21.0 99.59828 FALSE
1-20 44.0 99.59828 FALSE
1-21 29.0 99.59828 FALSE
1-22 17.0 99.59828 FALSE
1-23 52.0 99.59828 FALSE
1-24 31.5 99.59828 FALSE
1-25 17.0 99.59828 FALSE
1-26 6.5 99.59828 FALSE
1-27 12.0 99.59828 FALSE
1-28 20.0 99.59828 FALSE
1-29 0.0 99.59828 FALSE
1-30 6.0 99.59828 FALSE
1-31 69.0 99.59828 FALSE
2-3 10.5 99.59828 FALSE
2-4 24.5 99.59828 FALSE
2-5 33.0 99.59828 FALSE
2-6 28.0 99.59828 FALSE
2-7 53.5 99.59828 FALSE
2-8 49.0 99.59828 FALSE
2-9 57.5 99.59828 FALSE
2-10 29.0 99.59828 FALSE
2-11 26.0 99.59828 FALSE
2-12 56.0 99.59828 FALSE
2-13 9.0 99.59828 FALSE
2-14 46.5 99.59828 FALSE
2-15 38.0 99.59828 FALSE
2-16 42.0 99.59828 FALSE
2-17 32.0 99.59828 FALSE
2-18 38.5 99.59828 FALSE
2-19 6.0 99.59828 FALSE
2-20 29.0 99.59828 FALSE
2-21 44.0 99.59828 FALSE
Table J.8: Pairwise comparisons, post-hoc test main hypothesis, list 1/8
J6
Friedman Test Data and Results
Comparisons obs.dif critical dif. difference
2-22 2.0 99.59828 FALSE
2-23 37.0 99.59828 FALSE
2-24 16.5 99.59828 FALSE
2-25 2.0 99.59828 FALSE
2-26 21.5 99.59828 FALSE
2-27 27.0 99.59828 FALSE
2-28 5.0 99.59828 FALSE
2-29 15.0 99.59828 FALSE
2-30 9.0 99.59828 FALSE
2-31 54.0 99.59828 FALSE
3-4 14.0 99.59828 FALSE
3-5 43.5 99.59828 FALSE
3-6 17.5 99.59828 FALSE
3-7 43.0 99.59828 FALSE
3-8 38.5 99.59828 FALSE
3-9 47.0 99.59828 FALSE
3-10 39.5 99.59828 FALSE
3-11 15.5 99.59828 FALSE
3-12 66.5 99.59828 FALSE
3-13 1.5 99.59828 FALSE
3-14 57.0 99.59828 FALSE
3-15 48.5 99.59828 FALSE
3-16 52.5 99.59828 FALSE
3-17 42.5 99.59828 FALSE
3-18 28.0 99.59828 FALSE
3-19 16.5 99.59828 FALSE
3-20 39.5 99.59828 FALSE
3-21 33.5 99.59828 FALSE
3-22 12.5 99.59828 FALSE
3-23 47.5 99.59828 FALSE
3-24 27.0 99.59828 FALSE
3-25 12.5 99.59828 FALSE
3-26 11.0 99.59828 FALSE
3-27 16.5 99.59828 FALSE
3-28 15.5 99.59828 FALSE
3-29 4.5 99.59828 FALSE
3-30 1.5 99.59828 FALSE
3-31 64.5 99.59828 FALSE
4-5 57.5 99.59828 FALSE
4-6 3.5 99.59828 FALSE
4-7 29.0 99.59828 FALSE
4-8 24.5 99.59828 FALSE
4-9 33.0 99.59828 FALSE
4-10 53.5 99.59828 FALSE
4-11 1.5 99.59828 FALSE
4-12 80.5 99.59828 FALSE
Table J.9: Pairwise comparisons, post-hoc test main hypothesis, list 2/8
J7
Friedman Test Data and Results
Comparisons obs.dif critical dif. difference
4-13 15.5 99.59828 FALSE
4-14 71.0 99.59828 FALSE
4-15 62.5 99.59828 FALSE
4-16 66.5 99.59828 FALSE
4-17 56.5 99.59828 FALSE
4-18 14.0 99.59828 FALSE
4-19 30.5 99.59828 FALSE
4-20 53.5 99.59828 FALSE
4-21 19.5 99.59828 FALSE
4-22 26.5 99.59828 FALSE
4-23 61.5 99.59828 FALSE
4-24 41.0 99.59828 FALSE
4-25 26.5 99.59828 FALSE
4-26 3.0 99.59828 FALSE
4-27 2.5 99.59828 FALSE
4-28 29.5 99.59828 FALSE
4-29 9.5 99.59828 FALSE
4-30 15.5 99.59828 FALSE
4-31 78.5 99.59828 FALSE
5-6 61.0 99.59828 FALSE
5-7 86.5 99.59828 FALSE
5-8 82.0 99.59828 FALSE
5-9 90.5 99.59828 FALSE
5-10 4.0 99.59828 FALSE
5-11 59.0 99.59828 FALSE
5-12 23.0 99.59828 FALSE
5-13 42.0 99.59828 FALSE
5-14 13.5 99.59828 FALSE
5-15 5.0 99.59828 FALSE
5-16 9.0 99.59828 FALSE
5-17 1.0 99.59828 FALSE
5-18 71.5 99.59828 FALSE
5-19 27.0 99.59828 FALSE
5-20 4.0 99.59828 FALSE
5-21 77.0 99.59828 FALSE
5-22 31.0 99.59828 FALSE
5-23 4.0 99.59828 FALSE
5-24 16.5 99.59828 FALSE
5-25 31.0 99.59828 FALSE
5-26 54.5 99.59828 FALSE
5-27 60.0 99.59828 FALSE
5-28 28.0 99.59828 FALSE
5-29 48.0 99.59828 FALSE
5-30 42.0 99.59828 FALSE
5-31 21.0 99.59828 FALSE
6-7 25.5 99.59828 FALSE
Table J.10: Pairwise comparisons, post-hoc test main hypothesis, list 3/8
J8
Friedman Test Data and Results
Comparisons obs.dif critical dif. difference
6-8 21.0 99.59828 FALSE
6-9 29.5 99.59828 FALSE
6-10 57.0 99.59828 FALSE
6-11 2.0 99.59828 FALSE
6-12 84.0 99.59828 FALSE
6-13 19.0 99.59828 FALSE
6-14 74.5 99.59828 FALSE
6-15 66.0 99.59828 FALSE
6-16 70.0 99.59828 FALSE
6-17 60.0 99.59828 FALSE
6-18 10.5 99.59828 FALSE
6-19 34.0 99.59828 FALSE
6-20 57.0 99.59828 FALSE
6-21 16.0 99.59828 FALSE
6-22 30.0 99.59828 FALSE
6-23 65.0 99.59828 FALSE
6-24 44.5 99.59828 FALSE
6-25 30.0 99.59828 FALSE
6-26 6.5 99.59828 FALSE
6-27 1.0 99.59828 FALSE
6-28 33.0 99.59828 FALSE
6-29 13.0 99.59828 FALSE
6-30 19.0 99.59828 FALSE
6-31 82.0 99.59828 FALSE
7-8 4.5 99.59828 FALSE
7-9 4.0 99.59828 FALSE
7-10 82.5 99.59828 FALSE
7-11 27.5 99.59828 FALSE
7-12 109.5 99.59828 TRUE
7-13 44.5 99.59828 FALSE
7-14 100.0 99.59828 TRUE
7-15 91.5 99.59828 FALSE
7-16 95.5 99.59828 FALSE
7-17 85.5 99.59828 FALSE
7-18 15.0 99.59828 FALSE
7-19 59.5 99.59828 FALSE
7-20 82.5 99.59828 FALSE
7-21 9.5 99.59828 FALSE
7-22 55.5 99.59828 FALSE
7-23 90.5 99.59828 FALSE
7-24 70.0 99.59828 FALSE
7-25 55.5 99.59828 FALSE
7-26 32.0 99.59828 FALSE
7-27 26.5 99.59828 FALSE
7-28 58.5 99.59828 FALSE
7-29 38.5 99.59828 FALSE
Table J.11: Pairwise comparisons, post-hoc test main hypothesis, list 4/8
J9
Friedman Test Data and Results
Comparisons obs.dif critical dif. difference
7-30 44.5 99.59828 FALSE
7-31 107.5 99.59828 TRUE
8-9 8.5 99.59828 FALSE
8-10 78.0 99.59828 FALSE
8-11 23.0 99.59828 FALSE
8-12 105.0 99.59828 TRUE
8-13 40.0 99.59828 FALSE
8-14 95.5 99.59828 FALSE
8-15 87.0 99.59828 FALSE
8-16 91.0 99.59828 FALSE
8-17 81.0 99.59828 FALSE
8-18 10.5 99.59828 FALSE
8-19 55.0 99.59828 FALSE
8-20 78.0 99.59828 FALSE
8-21 5.0 99.59828 FALSE
8-22 51.0 99.59828 FALSE
8-23 86.0 99.59828 FALSE
8-24 65.5 99.59828 FALSE
8-25 51.0 99.59828 FALSE
8-26 27.5 99.59828 FALSE
8-27 22.0 99.59828 FALSE
8-28 54.0 99.59828 FALSE
8-29 34.0 99.59828 FALSE
8-30 40.0 99.59828 FALSE
8-31 103.0 99.59828 TRUE
9-10 86.5 99.59828 FALSE
9-11 31.5 99.59828 FALSE
9-12 113.5 99.59828 TRUE
9-13 48.5 99.59828 FALSE
9-14 104.0 99.59828 TRUE
9-15 95.5 99.59828 FALSE
9-16 99.5 99.59828 FALSE
9-17 89.5 99.59828 FALSE
9-18 19.0 99.59828 FALSE
9-19 63.5 99.59828 FALSE
9-20 86.5 99.59828 FALSE
9-21 13.5 99.59828 FALSE
9-22 59.5 99.59828 FALSE
9-23 94.5 99.59828 FALSE
9-24 74.0 99.59828 FALSE
9-25 59.5 99.59828 FALSE
9-26 36.0 99.59828 FALSE
9-27 30.5 99.59828 FALSE
9-28 62.5 99.59828 FALSE
9-29 42.5 99.59828 FALSE
9-30 48.5 99.59828 FALSE
Table J.12: Pairwise comparisons, post-hoc test main hypothesis, list 5/8
J10
Friedman Test Data and Results
Comparisons obs.dif critical dif. difference
9-31 111.5 99.59828 TRUE
10-11 55.0 99.59828 FALSE
10-12 27.0 99.59828 FALSE
10-13 38.0 99.59828 FALSE
10-14 17.5 99.59828 FALSE
10-15 9.0 99.59828 FALSE
10-16 13.0 99.59828 FALSE
10-17 3.0 99.59828 FALSE
10-18 67.5 99.59828 FALSE
10-19 23.0 99.59828 FALSE
10-20 0.0 99.59828 FALSE
10-21 73.0 99.59828 FALSE
10-22 27.0 99.59828 FALSE
10-23 8.0 99.59828 FALSE
10-24 12.5 99.59828 FALSE
10-25 27.0 99.59828 FALSE
10-26 50.5 99.59828 FALSE
10-27 56.0 99.59828 FALSE
10-28 24.0 99.59828 FALSE
10-29 44.0 99.59828 FALSE
10-30 38.0 99.59828 FALSE
10-31 25.0 99.59828 FALSE
11-12 82.0 99.59828 FALSE
11-13 17.0 99.59828 FALSE
11-14 72.5 99.59828 FALSE
11-15 64.0 99.59828 FALSE
11-16 68.0 99.59828 FALSE
11-17 58.0 99.59828 FALSE
11-18 12.5 99.59828 FALSE
11-19 32.0 99.59828 FALSE
11-20 55.0 99.59828 FALSE
11-21 18.0 99.59828 FALSE
11-22 28.0 99.59828 FALSE
11-23 63.0 99.59828 FALSE
11-24 42.5 99.59828 FALSE
11-25 28.0 99.59828 FALSE
11-26 4.5 99.59828 FALSE
11-27 1.0 99.59828 FALSE
11-28 31.0 99.59828 FALSE
11-29 11.0 99.59828 FALSE
11-30 17.0 99.59828 FALSE
11-31 80.0 99.59828 FALSE
12-13 65.0 99.59828 FALSE
12-14 9.5 99.59828 FALSE
12-15 18.0 99.59828 FALSE
12-16 14.0 99.59828 FALSE
Table J.13: Pairwise comparisons, post-hoc test main hypothesis, list 6/8
J11
Friedman Test Data and Results
Comparisons obs.dif critical dif. difference
12-17 24.0 99.59828 FALSE
12-18 94.5 99.59828 FALSE
12-19 50.0 99.59828 FALSE
12-20 27.0 99.59828 FALSE
12-21 100.0 99.59828 TRUE
12-22 54.0 99.59828 FALSE
12-23 19.0 99.59828 FALSE
12-24 39.5 99.59828 FALSE
12-25 54.0 99.59828 FALSE
12-26 77.5 99.59828 FALSE
12-27 83.0 99.59828 FALSE
12-28 51.0 99.59828 FALSE
12-29 71.0 99.59828 FALSE
12-30 65.0 99.59828 FALSE
12-31 2.0 99.59828 FALSE
13-14 55.5 99.59828 FALSE
13-15 47.0 99.59828 FALSE
13-16 51.0 99.59828 FALSE
13-17 41.0 99.59828 FALSE
13-18 29.5 99.59828 FALSE
13-19 15.0 99.59828 FALSE
13-20 38.0 99.59828 FALSE
13-21 35.0 99.59828 FALSE
13-22 11.0 99.59828 FALSE
13-23 46.0 99.59828 FALSE
13-24 25.5 99.59828 FALSE
13-25 11.0 99.59828 FALSE
13-26 12.5 99.59828 FALSE
13-27 18.0 99.59828 FALSE
13-28 14.0 99.59828 FALSE
13-29 6.0 99.59828 FALSE
13-30 0.0 99.59828 FALSE
13-31 63.0 99.59828 FALSE
14-15 8.5 99.59828 FALSE
14-16 4.5 99.59828 FALSE
14-17 14.5 99.59828 FALSE
14-18 85.0 99.59828 FALSE
14-19 40.5 99.59828 FALSE
14-20 17.5 99.59828 FALSE
14-21 90.5 99.59828 FALSE
14-22 44.5 99.59828 FALSE
14-23 9.5 99.59828 FALSE
14-24 30.0 99.59828 FALSE
14-25 44.5 99.59828 FALSE
Table J.14: Pairwise comparisons, post-hoc test main hypothesis, list 7/8
J12
Friedman Test Data and Results
Comparisons obs.dif critical dif. difference
14-26 68.0 99.59828 FALSE
14-27 73.5 99.59828 FALSE
14-28 41.5 99.59828 FALSE
14-29 61.5 99.59828 FALSE
14-30 55.5 99.59828 FALSE
14-31 7.5 99.59828 FALSE
15-16 4.0 99.59828 FALSE
15-17 6.0 99.59828 FALSE
15-18 76.5 99.59828 FALSE
15-19 32.0 99.59828 FALSE













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































participant instrument other_instruments group gender expertise sound_generation metronome_preference
1 Piano Saxophone Chordophones Male Student C. Struck Aural
2 Piano Viola Chordophones Female Student C. Struck Aural
3 Cello Piano Chordophones Female Student C. Bowed Visual
4 Cello Violin Chordophones Female Student C. Bowed Aural
5 Classic guitar No instrument Chordophones Male Student C. Plucked Aural
6 French horn Trumpet Aerophones Male Student A. Lip_reed Aural
7 Alto saxophone Piano Aerophones Male Student A. Mechanical_reed Both
8 Violin No instrument Chordophones Female Student C. Bowed Aural
9 Trumpet in B Drums Aerophones Male Student A. Lip_reed Both
10 Snare drum Double bass Membranophones Male Student M. Struck Both
11 Piano Drums Chordophones Male Student C. Struck Both
12 Snare drum Piano Membranophones Male Student M. Struck Aural
13 Violin Guitar Chordophones Male Student C. Bowed Both
14 Transverse flute No instrument Aerophones Female Student A. Air_reed Both
15 Trombone Trumpet Aerophones Male Student A. Lip_reed Aural
16 Timpani Clarinet Membranophones Male Student M. Struck Aural
17 Trombone Piano Aerophones Male Student A. Lip_reed Both
18 Violin Piano Chordophones Female Student C. Bowed Aural
19 Triangle Violin Idiophones Female Student I. Struck Aural
20 Tenor saxophone Guitar Aerophones Male Student A. Mechanical_reed Aural
21 Classic guitar Piano Chordophones Male Student C. Plucked Aural
22 Violin No instrument Chordophones Female Student C. Bowed Aural
23 Snare drum No instrument Membranophones Male Student M. Struck Aural
24 Alto saxophone No instrument Aerophones Male Student A. Mechanical_reed Both
25 Triangle Piano Idiophones Male Student I. Struck Both
26 Marimba Piano Idiophones Male Professional I. Struck Aural
27 French horn No instrument Aerophones Male Professional A. Lip_reed Aural
28 Double bass No instrument Chordophones Female Professional C. Bowed Aural
29 Harp No instrument Chordophones Female Professional C. Plucked Both
30 Bassoon Clarinet Aerophones Female Professional A. Mechanical_reed Aural
31 Tenor saxophone Saxophone Aerophones Male Student A. Mechanical_reed Both
K5
Data tables
K.3 Recording Information for all musical instruments
K6
Item Mic distance(m) Inst. dBSPL(A) Mic. Gain (dB) HP gain (dB) RT60 (sec) dBSPL (A) Room
1 0.292 87.3 10 -10 0.5 36.7 CIT 1
2 0.28 83.3 10 -10 0.5 36.7 CIT 1
3 0.38 84 10 -10 0.5 34.7 CIT 204
4 0.412 85.2 10 -10 0.5 34.7 CIT 204
5 0.264 75.1 10 -10 0.5 34.7 CIT 204
6 0.338 89.2 10 -10 0.5 34.7 CIT 204
7 0.341 96.1 10 -10 0.5 34.7 CIT 204
8 0.367 82.2 10 -10 0.5 34.7 CIT 139
9 0.715 96.4 0 10 0.35 31.2 F14-30
10 0.389 93 0 10 0.45 33 K1
11 0.347 82.3 10 10 0.42 32 K2
12 0.388 94 0 10 0.35 31.2 F14-30
13 0.48 83.2 10 -10 0.35 31.2 F14-30
14 0.328 83.5 10 -10 0.52 38.7 A25
15 0.437 91.3 0 10 0.52 38.7 A25
16 0.619 79 0 -10 0.52 38.7 A25
17 0.432 92.4 0 -5 0.35 31.2 F14-30
18 0.38 82.5 10 -10 0.35 31.2 F14-30
19 0.286 80 10 -10 0.35 31.2 F14-30
20 0.492 91.2 0 5 0.35 31.2 F14-30
21 0.3 78.6 10 -5 0.35 31.2 F14-30
22 0.23 82 10 -5 0.35 31.2 F14-30
23 0.51 87 0 -5 0.35 31.2 F14-30
24 0.389 81.4 0 -5 0.66 32.2 Clubraum
25 0.429 82.7 10 0 0.3 32.4 F17-17
26 0.405 84.1 10 -5 0.42 33.8 Cellar
27 0.418 83.4 0 5 0.82 34.6 Probebuehne
28 0.394 82.1 10 0 0.82 34.6 Probebuehne
29 0.594 81.2 10 -5 1.64 33.5 Merzweckraum
30 0.448 82.3 12 0 0.54 34.6 Room 5
31 0.527 91.3 0 5 0.54 31.8 Living room
K7
Appendix L
R code for the statistical analysis
L1
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